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ABSTRACT

A
REFERENCE: Nordlin, E. F., Woodstrom, J. H., and Hackett,
R. P., "Dynamic Tests of the California Type 20 Bridge Barrier
. Rail', State of California, Department of Public Works, Division
: of Zighways, Materials and Research Department. Research Report
636459,

ABSTRACT: The results of five full scale vehicle impact tests
into the California Type 20 Bridge Rail are reported. The Type
20 Bridge Rail is a rigid barrier system which incorporates a
27 inch high reinforced concrete parapet with a traffic-side
contour very similar to that utilized for the New Jersey type
concrete median barrier. A 2-inch by 6-inch by 1/4-inch thick
structural steel tube rail is placed 12 inches above the top of
this parapet, thus giving an over-all barrier height of 39
ifnches.

Tests were conducted at speeds of from 45 to 66 mph and at
impact angles of 7, 15, and 25 degrees. The test results
indicated that this system will retain and redirect a 4900 1b.
passenger vehicle impacting at speeds up to 65 mph and at
angles of from 7 to 25 degrees with the barrfer. Vehicle
damage resulting from high speed impacts will be negligible at
angles up to 7 degrees, will increase to moderate as impact
angles approach 15 degrees, and will be severe at 25 degree
impact angles.

Vehicular decelerations sustained during 65 mph impacts into

this system will be in excess of those generally judged tolerable
for unrestrained occupants except at Impacting angles less than
about 7 degrees. Occupants restrained by lap belts will probably
sustain 1ittie or no injuries at shallow impact angles such as

7 degrees but moderate to severe injuries at impact angles
approaching 25 degrees. Fully restrained occupants (seat belt
and shoulder harness) should sustain no more than moderate
injuries at impact angles up to 25 degrees. Thus the value of
the sloped face with regard to both vehicular deceleration and
vehicular damage is greatest for flat angle impacts and
diminishes as the anglie of impact increases.

KEY WORDS: Bridge rall, barriers, concrete, dynamic tests,
impact tests.
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1. INTRODUCT!ON

Highway engineers are continually striving to improve their
product. Their efforts along this line are motivated by a
.concern for safety, aesthetics, and a desire to give the public
the greatest value for Its tax dollar. |In the area of highway
barrier systems, signiflicant Improvements have and are being-
made as new concepts and designs are developed and tested.

The first California Division of Highways vehlcle impact tests
on bridge rails were conducted In the mid and late 1950's®»2,

These tests were inltiated because of the serious operational

deflciencies, primarily structural, that were developing with

the bridge barrier rails then In use as heavier, higher speed

vehlcles took to the highways.

As a result of these tests, the Callifornia Divislon of Highways,
In about 1958, adopted a design deslignated as the California
Type 1 Bridge Barrier Rail (Figure ) below. Also see Exhibit |
for comparative drawings of this and several other traffic
barrlier designs that are mentioned betow). This design Is 36-
fnches high and 1s composed of a single 5-inch diameter metal
pipe railing mounted 15-inches above the top of a 21-inch high
solid reinforced concrete parapet.

FIGURE 1

Although the Type.l rail Is structurally adequate, operational
experience indicated that in desert areas sand tended to pile
up against the solid parapet wall. It was also found that
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scenery and from a safety standpoint for the motorist needing

adequate sight dlstance from an approach ramp adjacent to the
structure. . .

.These considerations led In 1965- 66 to the design, testlng, and

subsequent use of the California Type 8 Bridge Rai{l® (Figure 2,
below). This design is composed of two 2- by 6-inch steel rectan~
gular tube rails mounted 15-Inches and 27-inches high on welded,
open-type steel posts spaced 10-ft. on centers.

FIGURE 2

From the standpoint of structural adequacy and appearance, the
Type 8 design performed well. However, operational experlence

has indicated that on higher structures, motorists tend to shy
away from th?s low, open, fraglile appearing barrier and thus

crowd the inner lanes of traffic. Consequently, In 1968-62 the
California Type 9. Bridge Barrier Rail was developed and tested"
{Figure 3 and Exhib!t 1). 1t consists of a single 2- by 6-inch
steel rectangular tube rall attached to welded steel posts mounted
on a 15-inch high concrete parapet for an over- all barrier height
of 27-inches. : :

The Type 9 design, with its low concrete parapet wall, single
narrow rectangular tube rall, and low over-all height, has proven
through operational experience to be an effective and pleasant
appearing bridge railinq that provides visibility nearly equal to
the Type 8 des!gn.

However, reports from New Jersey and'subsequent tests by the
California Division of Highways in 1966-67% indicated that the
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New Jersey concrete median barrier (Exhibit 1) showed deflinite
promise of reducing the damage sustained by vehicles striking

it at the more prevalent flat angles of Impact. This character-
istic was also reported by Genera! Motors’ in tests they '
conducted on a bridge barrier containing a parapet contour ,
similar to the New Jersey barrler (Exhiblit 1). The effectivness
of the lower sloped surface in reducing vehicle damage and
decelerations had also been observed operationally in several
experimental installations of the New Jersey concrete median
barrier in California,

=

FIGURE 3

Consequently, the Bridge Department of the Catifornia Division
of Highways designed the Type 20 Bridge Rail (Figure 4, below,
and Exhibit 1). This design incorporates a single steel rail
mounted 12 inches above the top of a 27-inch high concrete para-
pet. The rail is rectangular tubing identical to that used In
the Type 9 design. The parapet wall has a traffic-side profile
almost identical to the New Jersey median barrier.

FIGURE &
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The: Type 20 design provides better '"see through' characteristics

than the General Motors design because the over-all height is
about 16 inches lower, the concrete parapet height is about
5 inches lower, and the steel rail is narrower. Visibility :
through the Type 20 bridge rall is not as good as through the
Type 9 design. However, it appears to be adequate. Thus the

advantages of the lower sioped face appear to justify the use of

the Type 20 design.

Five full scale vehicle ﬁmpact tests of this Type 20 bridge rail

are reported herein.



http://www.fastio.com/

il. OBJECTIVES

The objectives of this research project were as follows:

1. Test the ability of the California Type 20 bridge
~ . barrifer rail to:

a. Retain and redirect, in a stable mannev,
a medium weight passenger car traveling
60-65 mph and impacting at angles of from
7° to 25° while sustalining little or no
damage.

b. Minimize the damage and deceleration sus- g
tained by the vehicle during these collisions'“’
and B

¢. Prevent excessive rebound of the vehicle back
across the traveled way and/or other behavior
hazardous to traffic near the point of Impact.

2. Evaluate the aesthetic and visibility properties of
the Type 20 bridge barrier ralling.

ClihPDF - www .fastio.com
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I1l1. COCLUSIONS

The following conclusions are based on an analysis of the
results of the full scale vehicle impact tests conducted during
this test serles:

1.

The Type 20 bridge barrier rail will retain and redirect
a 4900 pound passenger car impacting at speeds up to 65
mph and approach angles up to 25 degrees. The vehicle
will remain stable and upright during redirection and
little or no barrier damage will be sustained.

In more common shallow angle impacts such as 7 degrees,
little or no vehicular damage will be sustained. Occu-
pant Injuries will vary from minor (seat belt and shoulder
harness) to moderate (no restraint). Thus, the contoured
traffic face of the Type 20 bridge barrier rail parapet
definitely minimizes the collision severity at shallow
angles of impact. :

When the angle of Impact is between 15 degrees and 25
degrees, a vehicle striking the Type 20 bridge rail at

a speed of 64 mph or greater will sustain severe damage
and occupant injuries will vary from minor to moderate If
a seat belt and shoulder harness is used to severe if no
restraints are used. The Type 20 bridge barrier rail
appears to offer little or no advantage over other rigid
bridge barrier rails now in use in California when
impacted at these larger approach angles.

The Impacting vehicle tended to hug the bridge rail in
all tests rather than rebound sharply off the rail. This
is particularly true at flatter Impact angles. |In four
of the five tests, the exit angle was 3 degrees or less.
Thus, the Type 20 rail appears to be equal or superior to
other types of rigid bridge barrier rails in eliminating
the secondary hazard of rebound.

The Type 20 bridge rail offers no aesthetic improvements

over those types of bridge rails now in use In California.

In addition, [ts see-through properties are inferior to at
least one bridge rail now in use In California. However,

the use of this barrier design seems to be justified by

the significant collislion severity decrease that was observed
at flat impact angles.

No design modifications were made to the test barrier during
the tests and none are recommended.

wvvwfastio.com
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AV, TEST CONDITIONS ° o R

L K

Barrier Design and cOnstruction

The design'of the Type 20 bridge rall was deve!oped by the
California Division of Highways Bridge Department and sub-
mitted to the Materials and Research Department for testing.

- Prior to the construction of a full scale test installation,

there was some concern that the 27-iInch high concrete para-

- pet was too high for sufficient lateral visibility., Thus,

a full scale, plywood mock-up was erected on an existing
bridge next to some Type 1 bridge barrier railing to compare
the see-through qualities of the two designs (see Figure 5).
After the mock-up was reviewed and the initial dimensions
approved, the design details for the Type 20 bridge barrier
ralling were finallzed.

FIGURE 5

The Type 20 design consists of the current California
Standard Type .9 Bridge Barrier Rail posts and rall mounted
on a reinforced concrete parapet design adapted from the
New Jersey median barrier. The steel rail portion of this
barrier was fabricated with 6- by 2-inch by 12,02-1b.
structural steel tubing conforming to the requirements of
ASTM Designation A500, Grade B. The posts were fabricated
of structural steel conformlng to the requirements of ASTM

‘Designation A36

www . fastio.com
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The minimum length of each steel rail segment was 20 ft.
except at the ends where the steel "rail was bent down in a

5 ft. radius to meet the top of the parapet. The 3/4-inch
welded stud rail-to-post connector and the interior sleeve
rail splice, proven effective in a previous test series"

were again empioyed. The fabricated steel posts were spaced

~at 10-ft. centers and were secured to the concrete parapet

with one 3/b-inch diameter by 8-inch long and one 1-inch

diameter by 12-inch long high strength bolts cast in the
concrete. These high strength bolts conformed to the require-

ments of ASTM Designation A325, The concrete portion of the

barrier consisted of a 27-inch high by 67-ft. long reinforced
concrete parapet constructed on a reinforced concrete canti-
levered deck. The total barrier height was 39-inches from

‘the bridge deck to the top of the steel rail member. The

deck and parapet reinforcing, as well as the other details of
the Type 20 bridge barrier rail, are shown on Exhibit 2.

This system was designed in accordance with the requirements
of the ""Standard Specifications for Highway Bridges' adopted
by the American Assocliation of State Highway Officlials in
1969. The test sectlion was built on an unused runway at a
small airport near Linqoln, ‘California.

Vehicle Instrumentation

The test vehicles used in this study were 1966 Dodge sedans
weighing approximately 4900 lIbs., including two anthropometric

- dummies and on-board instrumentation. These vehicles were

retired California Highway Patrol sedans and were modified

.. for remote radio control as follows:

1. A solenoid-valve actuated CO, system was connected
to the brake line for remote brake application. With
700 psi in the accumulator tank, the brakes could be
locked. in less than 100 milliseconds.

2. The accelerator pedal was "floorboarded" using a small
electric motor and a linkage between the pedal and the
motor. The motor was activated by manually throwing a
switch mounted on top of the rear fender of the test
car,

"3, The ignition system was connected to the brake relay in

a faillsafe interlock system. When the brakes were
applied, the ignition was switched off. Any loss of
radio signal or failure in the transmitting or recelving
equipment would automatically energize the brake relay

" and switch off the ignition.

4. The gas tank ﬁas removed and repfaced with a heavy duty
one-galtlon -fuel tank to minimize the chance of a fire
and/or explosion.


http://www.fastio.com/

ChibhPDF -

5. Steering was accomplished with a 400 inch-ounce
stepping motor (mounted on the dashboard on the
passenger side) through a V-belt driven pulley
attached to the steering shaft.

6. Three wet-cell storage batteries (6-volt, 8-volt,
and 12-volit), mounted on the floor of the rear
seat compartment, supplied power to the remote
control equipment,

7. The radio control receiver, tone actuated relays,
steering pulise, and handi-talkie were mounted on
a plywood panel mounted in the trunk compartment.
Whip antennas were mounted on the rear fenders.

Photographs of some of this equipment are shown in Reference
8. Control of the vehicle during the approach was accom-
plished by an operator following approximately 200 feet
behind the test vehicle in a control! car equipped with a

.tone transmission system.

Two'anthropometric dummies were placed in the front seat. of
the test vehicle and restrained with conventional lap belts
for all five tests. The driver, "Stan'", weighs about 165
Ibs. (50th percentite male); the passenger, '"Sam', weighs
about 210 1bs. (95th percentile male). :

Phofographic Coverage

A1l the tests.were phatoyraphed with high speed (250- hOO

v fastio

frames per second) photosonic cameras which were manuaily.
actuated from a central control console. These cameras were
located to the front, rear, and side of the point of Iimpact,
on a tower directly above the point of impact, and in the
crash car. Most of the Photosonic data film had red-orange
timing pips projected on it at a rate of 1000 per second.
These pips were then counted to determine the frame rates of
the cameras. Targets were attached to the vehicle body and
a target board bolited to the roof of the vehicle to facilitate
data reduction of the film using a Vanguard Motion Analyzer.
Another Photosonic camera was located in the rear of the
vehicle to film movement of the dummies. This camera was
actuated by a switch, mounted on the rear bumper of the test
vehicle, that was tr|pped using a 50-foot Tength of nylon
line anchored to the pavement behind the vehicle.

Documentary coverage consisted of high speed and normal speed
motion picture coverage during the tests plus motion pictures,
still photographs, and slides taken before and after each
test. A scaffold mounted Hulcher camera with a speed of 20
frames per second was also used for documentary coverage of
the tests. Selected frames from this film are on the data
sheets included in Part V, Test Results, of this report° Five
tape switches, placed perpend?cuiar to the vehicle path at
ten-foot intervals leading into the point of. impact, were
actuated by the tires of the test vehicle and triggered a

com
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series of flashbulbs located in view of all data cameras.
These flashbulbs were used for correlation between all! statlon-
ary:cameras and for the determination of the impact velocity.

Flashbulbs mounted on top of the rear fenders of the test
vehicle were used to establ'ish the vehicle location and the
time at which the brakes were applied. The buibs also served
to alert the controi car driver that the test car's brakes
had been applied. These flashbulbs were fired when the brake
actuating relay was closed by efther radio equipment failure
or the remote operator.

Data Acquisition and Processing

The instrumentation system used for all five tests was the
Wyte Acclident Simuigt?on Measurement System on loan from the
Burieau of Public Roads?® It consisted of seven channels of
FM telemetry for the crash vehicle and dummies and seven
channels of hardwire equipment for the barrier. The system
included seven accelerometers and twe seat belt force trans-
ducers and all the necessary signal conditioning equipment.
The dynamic data from these transducers were recorded on a
1'% channel analog magnetic tape recorder which was also a
part of the system.

The location and description of the instrumentation of the
test vehiclie for Tests 232, 234, and 235 are shown on page 11.
The instrumentation layouts for Tests 231 and 233 are not
shown because the acceierometer records for these tests were
considered invalid. Location "A'" is at the longitudinal
center of gravity of the test vehicle.

Tape switches were placed adjacent to the flashbulb tape
switches used for synchronization of the cameras and deter-
mination of the impact velocity 10 ft. and 30 ft. in front of
the point of impact. The front and rear tires of the vehicle
activated these switches. This caused an ''event marker"
signal to be recorded, along with the accelerometer data, on
the tape recorder. Concurrentiy, a 100 mitliisecond {ms) time
cycle was also recorded on the tape recorder. These two
channels provided a secondary method of measuring impact
velocity and a method of referencing the electronic data to
lmpact.

After a test, the data on the tape was played back through a
visicorder which preduced a trace (Iineg on paper. Each paper
record contained one data channel trace, the front and rear
wheel event marker ''pips', and the 100 ms time cycle trace.

The accelerometer data was alise filtered at 100 Hertz. This
fittered trace was then reproduced in the same manner as the
"raw'" data. The data was filtered in an attempt to separate
the '""noise' from the actual deceleration. The filtration also
facilitated comparison of different accelerometer records.

See Appendix A for a discussion of filtering.

wivw.laslio.com
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CALIFORNIA DIVISION OF HIGHWAYS
VEHICLE INSTRUMENTATION
TYPE 20 BRiDGE BARRIER RAIL TESTS

£ Rear Axle

20"

I\ e

S\ —
38" Vehicle C.G,
- C4° - - hAcceleramefer-
Test #232
CHANNEL LOCA-
NO. TION? DESCRIPTIONZ??
] A 100 "G tongitudinal accelerometer (T)
2 A 100 "6" tateral accelerometer (T)
3 E 100 ''G¢'" longltudinal accelerometer {T)
L E 50 "G' lateral accelerometer (T)
5 c 50 “6'" longitudinal accelerometer (T)
6 c 50 "'G'* lateral accelerometer (T)
7 c 50 "G'" vertical accelerometer {(T)
8 E 100 6" longitudinal accelerometer (U)
9 E 100 "G" lateral accelerometer (U)
Tests #234 & #235
] A 100 "'G" longitudinal accelerometer (T)
2 A 100 ""G" lateral accelerometer (T}
3 E 100 "G" longitudinal accelerometer (T)
4 Same as Channel 3 o
g E 50 ""G' lateral accelerometer (T)
6 o 50 ""G" lateral accelerometer (T)
7 C 50 ""¢" longitudinal accelerometer (T)
8 E 100 "G" longitudinal accelerometer (U)
9 E 50 “G' tateral accelerometer (U)
Notes:

! A and E on vehicle floor; C on back of dummy's chest cavity.
2 (T) = telementry, (U) = umbilical cord,

3 AVl transducers were unbonded strain gage type accelerometers,
Channels 1-7 were Statham Model ASI4TC and Channels 8 and 9
were Statham Model ALOOTC.

vww . fastio.com
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The time at which impact occurred was established from the
high speed movies and then located on the record of acceler-
ometer data. The cause of accelerometer data events could
then be determined, at least in some cases, through study of
the vehicular and dummy kinematics recorded on the film at
the same point in time.

E. . Test Parameters

The test guidelines establiished by the Highway Research Board
Committee on Guardrails and Guide Posts!® specify the use of
a 4,000-1b.tvehicle, an impact velocity of &0 mph, and an
impact angle of 25 degrees. A heavier vehicie (4,900 1bs.)
traveling at approximately 65 mph was used for these tests
because it was felt that these higher values more nearly
represented the more severe conditions now being encountered
on California's freeways. .

The five tests were fdentical except as follows:

Test No. Speed (MPH} Angle of Impact
231 | 45 70
232 . 66 7°
233 64 15¢°
234 64 7°

235 66 25°

ChPDFE = Wi fastio.com
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V. TEST RESULTS

Introduction

The following pages contain descriptions of the five
full scale tests. In all these tests, the point of
Impact was within 6 ft, of the concrete parapet expan-
sion joint to. test this critical point of discontinulty.

Tire skid marks and other scuff marks on the barrier
parapet were studied after each test to determine the
vehicle's behavior. After this examination, the marks
were covered with white palnt to prepare the barrier
for the next test.

The decelerations reported in the descriptions of each
test are averages of the highest average deceleratiaons
sustained ‘over a 50 ms period. The measurements were
taken using Statham strain gage type accelerometers
mounted on the floor of the vehicular passenger com-
partment and In the back of the dummy chest cavity. A
discussion of the processing and Interpretation of this
data is included in Appendix A of this report.

www . fastio.com
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Test No. 231

Test No. 231 was conducted to evaluate the effectiveness of
the Type 20 bridge barrier rail when impacted at a flat
approach angle and a moderate speed. The vehicle impacted
the barrier approximately 27.5 ft., from the upstream end at
a speed of 45 mph and at an approach angle of 7 degrees.
After Impacting the barrier, the test vehicle was smoothly
redirected parallel to the barrier. Vehicle barrier .contact
was maintained for the remaining 40 ft. % of barrier, after
which the vehicle traveled an additional 150 ft. before
coming to a stop. : |

Maximum vehicular rise was approximately 16 inches. There
was minor sheet metal damage sustained by the test vehicle
and slight surface cracks sustained by the barrier (see
Figures 6 and 7 below). No determination of the electroni-
cally measured deceleration could be made due to the poor
quality of the instrumentation data. See the following page
for additional test data, Information, and photographs.

FIGURE 6 FIGURE 7

ClihPDF - www fastio.com
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Test No. 232

The same vehicle used for Test No. 231 was used for Test

No. 232 with no repalrs. Test No. 232 was alsoc a 7 degree
impact but the Impact velocity was lIncreased to 66 mph.
Impact was again about 27.5 feet from the upstream end of
the test barrier. After impact, the vehicle traveled along
the barrier for 27 feet and then left the barrier at an exit
angle of ! degree. During this test the maximum vehicle
rise was 16 Inches. Vehicle damage was very minor, and
there was no slignificant structural damage sustained by the
barrier (see Figures 8 and 9 below). The damaged windshield
and grill were caused by a second collision with a section
of scaffold. A maximum 50 ms average deceleration of 4.8
G's lateral (average of 2 data channels) was measured on the
floor of the vehicular passenger compartment. This decel-
eration did not exceed the tolerance level, as defined In
Appendix A, for a lap-belted occupant. None of the longl-
tudinal deceleration data was considered accurate. See the

following page for additional test data, Information, and
photographs. '

FIGURE 8 . FIGURE 9
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Test No..23§

The vehicle used for Tests 231 and 232 was again re-used

for this test, a 64 mph, 15 degree impact. Impact. occurred
about 27.5 feet from the upstream end of the barrier. After
maintaining contact with the barrier for approximately 19
feet, the test vehicle left the barrier at an exit angle of
10 degrees. Vehlcle rise was small as it appeared that the
steel rafling held the test vehicle down during the redirec-
tion. This penetration underneath the steel railling is
Indicative of the decreasing effect of the contoured concrete
surface at larger Impact angles. There was no tendency for
the vehicle to roll or jump. The left front end and under-
carrliage of the vehicle were severely damaged (see Figure 10
below). Minor spalling of the concrete parapet also occurred
(see Figure 1] below). No measurement of vehicular or dummy
deceleration was obtained due to an apparent Instrumentation

malfunction. See the followlng page for addlt!onal test data,
information, and photographs.

FIGURE 10 FIGURE 11
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Test No. 234

Test No. 234 was performed to substantiate the results of
Test No. 232. This correlation was felt necessary because
the vehicular rise noted during Test No. 232 (16 Inches)
was substantlially less than that noted during a previous

7 degree/65 mph test (Test 161B) of the New Jersey type
concrete median barrier® {(see Figures 12 and 13 below).

FIGURE 12 FIGURE 13

Test No. 232 Test No. 161B

During Test No. 234 (7 degrees/64 mph), Impact was agaln
located approximately 27.5 feet from the upstream end of
the barrier. The maximum rise of the test vehicle was
approximately 18 inches. After impacting the barrier, the
vehicle traveled along the barrier for approximately 30
feet before exiting at an angle of | degree.
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Vehicle damage was limited to minor scrapes along the
left side (see Figure 14 below). Barrier damage was very
minor (see Flgure 15 below). The maximum 50 ms average
decelerations measured on the floor of the vehicular
passenger compartment were 4.8 G's lateral (average of 2
data channels) and less than | G longitudinal (average of
3 data channels). These vehicular decelerations did not
exceed the tolerance levels, as defined in Appendix A,
for a lap belted occupant. Thus, a lap belt restrained
occupant would have sustained little or no injuries. The
maximum 50 ms dummy decelerations measured were 6.5 G's
lateral and 2.3 G's longitudinal. See the following page
for additional test data, information, and photographs.

FIGURE 14 FIGURE 15
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Test No. 235

This test, the most severe impact into the barrier, was
conducted using the same vehicle used for Test No. 234, "The
test vehicle struck the barrier 27.5 feet from the upstream
end at 66 mph and at an angle of 25 degrees. After impact,
the vehicle remained in contact with the barrier for approxi-

. mately 12 feet before leaving the barrier at a 3 degree angle.
Vehicular raise was minimal as the steel rail restricted the
vehicle's tendency to ride up on the barrier parapet. This

. ~ was also observed in Test 233 (15° impact angle) but was not

~observed during Test>231, 232, and 234 (72 impact angle) as

minimal vehicle-to-rail (steel) contact occurred at the
shallower Iimpact angle.

Spallting of the concrete in the vicinity of impact and a slight
permanent deflection (0.1 ft.) of the steel railing indicated
the severity of the Impact (see Figure 16 below). The concrete
portion of the barrier railing sustained a vertical crack

" approximately 1/16-inch wide that extended from the deck to
the top of the parapet. This crack was at a point just up-
stream from Impact. Displacement of the concrete parapet was
approximately 1/8-inch at the top of the expansion joint.

As could be expected with any 25 degree impact into a rigid
barrier, vehicular damage was severe (see Figure 17 below).

The maximum 50 ms decelerations measured on the floor of the
vehicutar passenger compartment were 9.1 G's lateral (average
of two accelerometers) and 14.8 G's longltudinal (average of
four accelerometers). This laterial deceleration exceeds the
tolerance levels, as defined in Appendix A, for a lap-belted
occupant. Thus, an occupant restrained by a lap belt would
have sustained moderate to severe Injuries. Both values,
however, are below the tolerance level of an occupant restrained
by both & lap belt and a shoulder harness and indicate that a

. fully restrained occupant would sustain no more than moderate
injury. The maximum 50 ms average decelerations measured In
the dummy driver's chest cavity were 9.2 G's longitudinal and

" 16.9 G's lateral. See the following page for additional test
data, Information, and photographs.

FIGURE 16 FIGURE 17
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Discussion and Implementation

The results of these tests Indicated that the effectiveness
of sloping the traffic slide of the barrier parapet diminished
as the angle of impact increased. This is not surprisfng in.
that the point of initial vehicle-barrier contact shifts from
the tire sidewall at a 7 degree impact angle {(see Figure 18,
below) to the body sheet metal at a 15 degree impact angle
(see Figure 19, below).

FIGURE 18 FIGURE 19

Thus, at the greater angle, a smaller proportion of the
vehicle's kinetic energy is absorbed within the vehicular
suspension system and a proportionally greater amount Is

. absorbed by deformation of the vehicle's body and chassis,
thus resulting in increased vehicle damage and passenger
compartment decelerations. As the impact angle approaches

. 25 degrees, the vehicular damage sustalned approaches that.
sustained when Impacting the vertical faced Type | bridge
barrier rail. However, an excerpt in a2 recent study
reported in Highway Research Board Special Report 107 Indi-
cates that approximately 75% of the vehicles departing from
the traveled way do so at an angle of 15 degrees or less.
Almost 60% depart at 10 degrees or less, thus indicating
that in a majority of the collisions that will probably
occur with the Type 20 barrier, the sloped parapet face will
be beneficial. '
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Implementation of the findings reported herein is already
underway as a total of approximately 270,000 lineal feet of
the California Type 20 bridge barrler rall is being included
on the plans for two freeway projects in southern California.
Approximately 240,000 lineal feet is planned on the new
Century fFreeway in the Los Angeles area and approximately
30,000 lineal feet is planned for Interstate Route !5 in the

San Diego area,.
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APPENDIX A

DPata Processing and Interpretation

“Introduction

The accelerometer records for Tests 231 and 233 were not
analyzed. in Test 231 the ampiitudes of the accelerometer
traces were small compared to the electronic interference
("noise") which was recorded, thus making it impossible to
interpret the data. (n Test 233, the results were obviously
incorrect due to a maifunction in the instrumentation system.

Fairly good results were obtained from the other three tests.
Data from Tests 232 and 234 are discussed together since both
tests involved a vehicle with a speed of about 65 mph and an
impact angle of 7 degrees. ‘
1
i
i

Fi’tering

The unfiltered accelerometer data inciuded numerous groups
of unusually high, thin spikes, indicating a "ringing" In
the accelerometer. This ringing was most prevalent with the
FM Telemetry transmission of data. These spikes were often
unsymmetrical about the line of zero acceleration, so during
the integration process of filtering, high narrow peaks were
formed which did not represent over-ail vehicle behavior.

In some instances, it was difficuit to tell whether this
peak was or was not superimposed on the true acceleration
peaks. Also, the identification of ''moise' on the filtered
data was impossible without making reference to the raw

data to locate the time at which the very high frequency
splkes were recorded. The exact cause of the ringing was
never established; it may have been caused by high frequency
vibrations in the car body or interference of the radio
waves generated by the telemetry system transmitters in the
test vehicle.

-The choice of 100 Hz as the electronic filtering rate was
based on a visual comparison of the original data and the
same data filtered at several frequencies between 100 Hz

and 20 Hz. The use of this filtered data greatly facilitated
visual interpretation of the accelerometer records. See
Plate 1 for an example of the effect of this electronic
fitltering.

in.addition to electronic filtering, "manual" filtering of
the accelerometer data is accomplished, to some extent, when
the time Intervals over which the maximum peak decelerations
and highest average decelerations are chosen. The effect of
this fnterval [s dependent on the nature of the original
and/or filtered data, whichever is being interpreted. This
can be seen by examining Table |, A-3. The values were
chosen by calculating the areas under the curves at five
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milliseconds (ms) intervals and then combining to determine
the maximums. There is only a 10.5% drop in the deceleration
reading for Test 235, Channel 3, when the time Interval is
Increased from 10 ms to 50 ms whereas a 56.5% drop occurred
for Test 235, Channel 6.

In all cases, the time interval for the highest 10 ms and
25 ms average decelerations -were within the highest 50 ms
average deceleration time period.

Deceleration Data

The deceleration recdfds for Tésts 232, 23h,:and‘235 are
included as Plates 2 through 21 of this Appendix. In all
cases, the filtration rate was 100 Hz,

Tests 232 and 234:

A comparison of the-vehicular lateral deceleratlions for
Tests 232 and 234 (Plates 2-5) shows them to be some-
what simitar except that in Test 234 the actual short-
time peak value varies stightly. |In Channel 5 (Plate 5)
this may have been due to interference superimposed on
the maln peak as this channel showed several other peaks
which were judged to be interference of some type. These
interference peaks can often be identified on the
unfiltered traces, as long thin spikes of about one milli-
second duration .that occur in the middle of oscillating
peaks of much Yower frequency and amplitude.

Results from Channei 9 (Plate 3) were a bit surprising
since the accelerometer was calibrated to give very low
amplitude traces, yet the basic shape and the peak value
agree well with the other records.

‘Observatlions of and computations from the movies showed
the time when the back of the car slapped the barrier to
be approximately fmpact + 150 ms. This time corresponds
to the time of the main lateral peaks on the accelerometer
records. There are no-definite peaks on these records of
lateral deceleration when the front of the car strikes the
barrier. ‘

It appears that the main lateral deceleration peak In

Test 232 lagged the main peak in Test 234 by about 20-30
ms. This agreement Is surprisingly good considering that
it 1s nearly Impossible to determine from the movies the
exact time at which the wheel and/or bumper first contacts
the barrler. Therefore, variations in the selection of
the instant of impact among different researchers could

be as much as 10 or 15 ms within any single test..
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None of the accelerometers orjented longitudinally in
Test 232 produced usable’ records., The longitudinal
records for Test 234 (Plates 6-8) had a number of splkes
which appeared to be interference of some type. |If these
spikes are overlooked, the traces obtained with the three
channels are all quite similar.

The longitudinal backsiap peaks, which occurred about 30

ms before the iateral backslap peaks, were opposite In
direction to the initial peaks. This suggests that the
backslap contributes to vehiclie acceleration in the
longitudinal direction while decelerating it in the lateral
direction, like a stone skipping on water. This lateral

and longitudinal deceleration data also indicate that, for
shallow angle impacts such as these {7 degree impact angle},
the backslap produces the most severe vehicular decelera-
tion.

The maximum 50 ms average lateral deceleration sustalned

by the dummy during these two tests (6.1 G's - 232, 6.5

G's - 234) agreed quite well. The general shape of both
dummy lateral deceleration records, Plates 9-12, was some-
what similar and the lateral! 50 ms average maximum
deceleration was greater than the vertical (232) and
longitudinal (234) 50 ms maximums in both cases. These

50 ms peak lateral decelerations occurred 30-40 milli-
seconds after the vehicle lateral peaks. Both lateral
traces and the longitudinal trace showed twin peaks
separated by a thin sharp dip -~ as if the dummy bounced
quickly at the time of maximum deceieration. This double
peak was also on the unfiltered traces., The values of

2.2 G's vertical and 2.3 G's -fongftudinal indicate that,
although the lateral deceleration is the greatest, both
longitudinal and vertical decelerations could be significi-
cant for unrestrained occupants even in 7 degree impacts.

Test 235:

The average 50 ms maximum average vehicular decelerations
were 9.1 G's lateral {average of Channels 5 and 9, Plates
14 and 15) and 14.8 G's longitudinal (average of Channels

1, 3, 4, and 8, Plates 16-19). The maximum lateral deceler-

ation occurred during the backslap but was of the same order
of magnitude as the lateral deceierat!on that occurred at
the time of maximum 50 ms vehicular longitudinal deceleration.

Channels 5 and 9 (Plates T4 and. !5) are very similar. There
was only one questionable high spike on Channel 5. Channel
2 (Plate 13) has a trace very similar to those for Channels
5 and 9 except that the peak values for Channel! 2 are much
higher. Even though position A (see page 11) is closer

to the front of the vehtcle then position E, the Channel 2
trace should be similar to those of Channels 5 and 9 because
all the significant vehicular deformation took place forward
of position A. A possiblie reason for the Channel 2 trace
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being similar but of higher magnitude than Channels 5 and 9
is a calibration error. Another possibility could be the
relative proximity of locations A and E to the center of ‘
rotation of the car about a vertical axis (i.e., tangential
accelerations and velocities may be significant). However,
the significantly higher 50 ms peak longitudinal decelera-
tion recorded at position £ (Channel 3) contradicts this
expianation. 1In any case, the values from Channel 2 were
considered questionable.

It was difficult to isolate "interference' spikes on the
unfiltered traces of Channels 2, 5, and 9'; it appears that
some of the high narrow peaks at the time of first impact
are interference superimposed on the main deceleration
pulse.

Channels & and 8 (Plates 18 and 19), containing both differ-
ent accelerometers and different modes of data transmission,
are very similar except for a difference in the maximum
value of deceleration during backslap. Channeis 3 and &
(Plates 17 and 18}, containing the same accelerometer, had
data transmitted on two separate channels; thus they should
have identical traces. They do have similar pulse shapes;
however, Channel 3 has significantiy higher peak values,
Because of the close agreement between Channels 4 and 8,

it normally wouid be assumed that Channel 3 was improperly
calibrated for some reason. Its peak 10 ms value does, how-
ever, agree with that recorded at the more forward location
A (Channel 1). Channel 1 has a pulse shape resembling those
on Channels 3, 4, and 8 but with higher peaks than Channels
4 and 8. The results for Channel 1, however, correlate with
those on Channe! 2 in the lateral direction at location A,
in -that pedk values are higher than corresponding ones at
location E.

In addition to the main peak values described above, there
are two Initial 8-10 G peaks during the first 50 ms after
impact. These peaks are similar on Channels 1, 3, 4, and 8
(except that the peak vaiues on Channel 3 are higher, which
further suggests improper calibration of Channel 3}, and
occurred when contact with the fabricated steel post
supporting the 6 inch by 2 inch raiiing occurred.

The maximum 50 ms deceleration for the dummy was 16.9 G's
tateral (vehicle recorded 9.1 G's) and 9.2 G's longitudinal
(Plates 20 and 21). - However, both traces contained signifi-
cant interference, thus making the separation of deceleration

-and nofse very difficult. The time lag between vehicular

peak deceleration and dummy deceleration was on the order of
30 ms, as was the case with the shaliow angle impacts.

Interpretation of Deceleration Measurements

The determination of deceleration tolerance limits that can
be used to interpret the significance of the deceieration

measurements reported herein has been somewhat unsuccessful.
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The following three. criteria have been reviewed with- regard to
thls problem :

I. The tentative tolerabie iimits of deceleration eroposed
by the Cornell Aeronautical Laboratory in 1961%! are .for
a duration of impact less than 200 ms and a rate of onset
féess than 500 G's per second. They are often applied to
vehicle deceleration (not dummy decelerations) and are
shown below:
Maximum Deceieration (G's)

Occupant

Restraint Lateral Longitudinal Total
Unrestrained 3 5 6
Lap belt 5 10 12
Lap belt & shoulder harness 15 25 25

2. After making reference to the Cornell table shown in 1
above, the New York Bureau of Physical Research attempted
to 1imit tota!l deceleration to 10 G's for no more than 50
ms at the vehlicle center of gravity during a recent test
series!?

3. Bureau of Public Roads Guidelines 1imit the rate of onset
to 500 G's/sec., the maximum 40 ms average to 12 G's, and
suggest that the remainder of the deceleration be as low
as possibie! :

A1l these criteria are applied to the vehlicular deceleration.

it Is acknowledged, however, that the similarity of the vehlicu-
lar deceleration and the occupant deceleration is dependent on
the restrain system, if any, used by the vehiclte occupant. The
interpretation of these criteria is somewhat unclear in that no
magnitude-duration limitation Is specified for relatively small
time periods. For example, if the average 50 ms peak was 25
G's but the 200 ms average was 10 G's, would this be tolerable
for a lap belted occupant? Criteria 1 suggested it would be

tolerable. Criterfas 2 and 3 suggest it would not be tolerable.

The interpretation of the vehicular decelerations measured
during Tests 232, 23k4, and 235 was accompliished using the
Cornell 1imits but appiying them to the highest 50 ms average.
Thiis decision is based on the contention that shorter duration,
higher ‘average decelerations wilil, in general, also be toler-
able®® Also, the 12 G Timit (Corneﬂi) for lap belted occupants
is in general agreement with criterfa 2 and 3 above. The
reasoning behind higher lateral deceieration tolerances if lap
belts or lap belts and shoulder harnesses are used is unclear.
Perhaps the structural capacity of door latches and/or the
relative dangers associated with partial or compliete ejection
were the basis for the establishment of these tolerance levels.
in,any case, they have been accepted for the purpose of this
study.

Wiy [aslio.com
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Applylng this criteria to the vehicular decelerations measured
indicates that the tolerable lateral deceleration was exceeded
for an unrestrained person during all three tests. An occu-
pant restrained by a lap belt would, however, have sustained
tolerable lateral decelerations in Tests 232 and 234. For
Test 235, the value for Channel 2 was ignored. The average of
Channels 5 and 9 (9.1 G's) exceeded the tolerance leve! for
lateral deceleration assuming lap belt restraint but was well
within the 15°G Timit If a shoulder harness were also used.
The longitudinal deceleration for 234 was weil within the
tolerable limits for an unrestrained occupant. However, the
longitudinal deceleration measured in 235 was such that both a3
lap belt and a shoulder harness would have been required to
classify the impact as tolerable. '

Consequently, the over-all conclusion would be that a vehicular
occupant restrained by a lap belt would have sustained tolerable
decelerations in both 65% mph 7 degree tests. The decelerations
in Test 235 (66 mph, 25 degrees) were such that the vehicle
occupants' .deceéleration 1imit would have been exceeded unless
both a lap belt and shoulder harness were used. Unrestrained
occupants would have probably sustained some injuries during the
7 degree tests, moderate injuries during the 15 degree test,

and conslderable injuries during the 25 degree test.

www . fastio.com


http://www.fastio.com/

SO L.COM

13

Vv T e

IhPDF -

C


http://www.fastio.com/

NOILVY 31300V

9

S

1

Plate

L i X
i) &

$9-NOILVY3T13I0V

VWAV

ClibhPDF -


http://www.fastio.com/

r‘fv’.

Q
<

'03S ~ 1OVdWI d3L4V 3JNIL

(v21dAL) .

W 3SION |

s BN fr

<

PLATE 2

v <. < <
AYLANITIL - NOISSIWSNYYL
ZH 00t - 31ivH NOILVHLIIL

AVHALYT - 3 D07 ITHHIA
0802 ON Y3 LIWOH3ITIJDV

(o4 /Yydw 99)
¥ TINNYH) 2€2 1S3L Tivd 39401489 02 3AdAL
JWIL SA NOILVY3T3OIV

ol

Gl

LHOIY == 1437

' 5,9- NOILYH31390V

www fastio.com

ChhPDF -


http://www.fastio.com/

PLATE 3

7%

038 — LOVdNI ¥3L4V 3JNWIL

i*10}

FYIMAUYH - NOISSINSNVYHL
ZH 001 - JLvH NOILYHLIG

VHALYY - 3 007 ATI2IHAA
06S 'ON MH3LIWONITIDDY

(ol /ydw 99)
6 TINNVHO 2€2 LS3L Tivd 390148 02 3IdAL
JWIL SA NOILVY3T300V

0e
0l

ol

L1437 ~~1LHOIM

5,9 = NOILYY3IT300V

www . fastio.com

ClibhPDF -


http://www.fastio.com/

n
<

038 — 1OVdWI d3L4V 3WIL

o ge’ og’ :
>\7 [ NP, | - L i 1. WY

PLATE 4

N o amnd

e Sl M Sy e - ~
I ‘ [WOIdAL)
«3SION
AMLIW3TIL W3 ~ NOISSINSNVYL
ZH 001'- 3LVH NOLLYHL1TId

AVYHILYTI~V NOLLYD01 ITDIH3IA
€802 ON Y3LIWOHITINIY

. (o2 /ydw $9)
2 TANNVHD +€2 1S3l vy Ioalug

AWIL SA NOILYHA3O0V

02 3dAL

14371 ~———L1HONY

8,9 = NOILVY3II30IV

www fastio.com

ChhPDF -


http://www.fastio.com/

"D3S — LOVAWI ¥3L4V. IWIL

ZH 00| - 31vd NOELYMLTILS
AVHALYT - 3 NOILVI0T 3TOIH3A
0802 'ON HILINOY3ITIIIV

(ol /Ydw $9)
G JANNVHD #€2 1S3L  ivY 390148 02 IdAL
3WIL SA NOILYY3ITIIDV

— OF
— 02

{TValdAL)

L3ISION, | i

— 0l

. oy . ‘ .
¥ Y € LA o

L3 T 1] 1 < ] ._

AYLINITAL W4 - NOISSIWSNVYL o

1437 ~—= LHOWN

$,9—= NOILVYY3T1300V

www . fastio.com

ClibhPDF -


http://www.fastio.com/

'03S — LOVdWI H3ILAY FWIL

(WIIdAL)
L, 3SION,,

PLATE &

AHLINITI3L WNd - NOISSINSNYYL

ZH 001 - J1VH NOILVHLIIA
TIYNIQNLISNOT -¥ NOILY207 3T0IH3A
#6802 'ON Y3L3IWO¥31320V

(o2 /ydu p9) |
T JANNVHO €2 1S3L  IvY 390i49 02 3dAl
JWIL SA zo__._.<m_u4_uoo<

QUYMMIOVE — QUVMNO4
© 5,9— NOILYN3T1300V

winw . fastio.com

ChhPD


http://www.fastio.com/

038 — LOVdWI Y314V 3JNWIL

{(Iw2IdAL)

Te)
=

PLATE 7

AYL3W3T3L W4 - NOISSINSNVHL

EH 00l - AL¥H NOILVYLTIY
SIVNIONLIONOT -3 NOILYI01 I1JIH3A
G802 'ON YILIWOHIN3IIV

(ol /Ydw $9)
€ TANNVHD €2 1$3L  TIvy 3oaiug 02 3dAl
JWIL SA NOILVY33OOV

9 - NOILVY3T300V

QYYMIOVE - QUVYMHO
s

www . fastio.com

ClibhPDF -


http://www.fastio.com/

335 — LOVAN! 3LV 3WIL

ZH-001 = 31vd NOLLVHLTIL
AVNIGRLIONOT-3 NOILVIO0T 3TIIHIA
6802 ON d313W0Y3T3dIY

+ TANNVHO b2 LS3L TivY 390149 02

«3SION,,

(o2 /udwi $9)

JNIL SA NOILYY3T3JDV

© -

< gl v < . . . U . g0 -

W - Ja— >’ O_ P . S \mr Lo, _\)ﬁ.u.._m..f ™\ nlmum( — \/@.N\.\/ ?f m_\/\/ \/Ot_lr >\|/ _o o

M e .f\ —— T e N T e | <..\ LY < R N T < B I\(l\/\/.\/\u\l\

| ’ 7l

o —
{voIdAL) |
AHLIWNITIL W4 - NOISSIASNVHL

AdAl

ol

ol

QUYMNOVE = QHYMNOA

'§,9- NOILYY31300V

wivw.faslio.com

ClihPD


http://www.fastio.com/

9

PLATE

93S — LOVAWI Y3ILAV IWIL

¥ A
{TwoldA L)

AMLINITIL W4 - NOISSIWSNVNL L3SION,
24 001 ~ ILVYH NOILVHLTIA

“IVHILYY - NVYLS AWWNG
1802 'ON Y313IWONAT3IOY

(ol /ydw 99)
9 TANNVHO 262 1S3L  TvY 390148 02 IdAL

AWIL SA NOILVY31300V

o1

LHOIY = 1437

5,9- NOILYY¥3I300V

www . fastio.com

ClibhPDF -


http://www.fastio.com/

‘938 — LOVAWI Y3L4Y IWIL

(woIdAL)
2 3SION,

~dft == NMOQ

AYLINITAL WA - NOISSINSNYYL
24 001 - 31vyd NOlLvYlild
TvIILH3A - NVLS AWWNG
4202 'ON HILIWOHIATIIIV

{od /ydw 99) |
L T3NNVHD 2€2 1S3L  livd 390188 02 3dAL
3NIL SA NOILVY3T30QY

5,9 - NOILVYH3IT3IO0V

SwwwLlastio.com

ClihPD


http://www.fastio.com/

PLATE

'03S — LOVdWI ¥3L4Y IWIL

(TVDIdAL)
.ISION,

AYLIW3ITIAL W4 - NOISSINSNVHL

ZH 001 - 31VY NOLLYHLIIS
IVY3LY - NVLS - AWANG -

1802 'ON H3LIWOYITIIOV

(o2 /Ydw 9)
9 TINNVHD +$€21S3L VY 390149 02 3dAL
JWIL SA NOILYY3T1320V

gl

ol

1437 =— 1LHOIH

5,9= NOILVY3300V

www . fastio.com

ClibhPDF -


http://www.fastio.com/

038 - ._.o<n=z_ 4314V 3JNWIL

e
<+

i

Se (5:°8 se oe ar or ) SO

g-@
<
%

AY13W3T13L W ~ NOISSINSNYHL
_ ZH 00! - ILvY NOILVYLIA
TYNIGNLIONOT - NVLS - AWANG
2902 'ON H3ILIWOHII3I0V

(o L 7udw p9)
J TINNYHY €2 LS3L  IvYH 394189 02 3dAL

JWIL SA NOILYY3IT3DOV

0l

AYVYMAOVE - QUVMYOA

5,9—- NOILVY3T1300V

www fastio.com

ChhPDF -


http://www.fastio.com/

3

PLATE

'03S = EJVdiNl 93Ldv AWIL

(wDIdAL)
3SION;;

— 0%

-02 -

— 0Ot

t

$,9— NOILYY¥IT1300V

AN - ,>5 -2 T

_ <\< MRV WAY L

<
%

(

<

<

=

=

1437 ——=LHOW

AYLIW3NIL W - NOISSINSNYHL
24 00l - 31vyd NOILYY1TId
AVHILVI -V NOILYI0T 3TDIH3A
£802 'ON Y3L3IW0H¥3T3I0V

~i02

(oG2 7udw g9 )
2 TANNYHD S€2 1S3L Ivy 390189 02 3IdAl

JWIL SA NOILVYY3T1300V

www . fastio.com

ClibhPDF -


http://www.fastio.com/

038 — 1OVdWI d4314V 3NWIL

PLATE

(¥OIdAL) :
LASION, |
M ’
A R N VPV il ST I PN A |
v <>:<<<<< wer /\\f\/\gd

AHL3IW3T3L Wd - NOISSINSNYYL

" %H 00l - J1vyd NOLLVHLTIA.

AVEALYT - 27307 JTDIH3A
. 0802 'ON ¥3L3IWOY3IT30IV

S 1INNVHD 6€2 1S3l THvd 390148 02 3dAl

{oG2 /ydw 99)

3NIL SA NOILVY3N300V

o2

ol

1437 == LHON

5,9-= NOILVH3I300V-

www fastio.com

ChhPDF -


http://www.fastio.com/

15

PLATE

m_¢.\/> A i>>0_¢.>>> >> Dﬂ?

‘038 — LOVdWI d3LdV 3JNWIL

WoRSVTW <<<£<_

JYIMQUYH ~ NOISSINSNYHL
ZH 00l -3lvd NOILVHLTIL
AVM3ALYT - 3 "307 3ITO0IH3A
€8S 'ON M3ILIWOWITIIDV

(IVDIdAL)
3ASION,,

(G2 /udw 99)
6 TINNVHD G€¢ 1S3l Ivd 390148 0¢

FWIL SA NOILVYH3TN3DIV

adAL

ol

Gl

o2

1HOIY = L 437

5,9~ NOILYH3T1300V

www . fastio.com

ClibhPDF -


http://www.fastio.com/

‘03S — LOVdWI H31dV 3JWiL

~|_<o_n_>.w'-
«3SION,
oY oY Ge’ og Ge oz’ Gl Ql SO
y }/\/\l\/\r\l\ - I\w\/<><>‘ A e /“\\.l, \/< } ] k\b/\“l\/\\/

.>m._.mzm|._m._. W4 - NOISSIWSNVYL
ZH 001 - 31vd NOILVYLTI
AVNIGNLIONOT -V NOLLYJ0T 3TDIH3IA

£80¢ ON ¥3ILINWOHINIIOY
{oG2 /ydw 99)
] T3NNYHO G€2 LS3L VY 39GI¥S 02 3dAL
JNIL SA NOILYH3I3OIV

0s
or
0
02

ol

0l

7]

(815

QHYMMOVE - QdVYMHOd

$,9—= NOILYd31300V

www.fastio.com

ChhPD


http://www.fastio.com/

17

- PLATE

‘338 — LOVAWI ¥3LAY 3IWIL

. , (VDIdAL)
p .,m_m_oz__.N/ _
g ov ge" og’ T oz gr or )
t o/\/\;\/\.\h. 7\/)/\.() ><% ../\./.\/\:/\ 1 N N— 1 ><\i\(\,) I 1 f

AYLIWITIL W4 - NOISSINSNVYHL
ZH 00| - 31vd NOLLYdiTId

TAYNIGNLISNGT = 3 00T 3TIIHIA
6802 ON M3L3W0Y3TIIIV

_ _ (G2 /7ydw 99)
€ TINNVHO 6€2 1S3L IvH 390id8 02 3IdAL
AWIL SA NOILvY3300V

o7

ol

- 01

or

ce

QUYMNOVE <+ QUYMYEOA

§,9~ NOILVYYH31300V

www fastio.com

ClibhPDF -


http://www.fastio.com/

8

 PLATE’

‘038 — LOVdWI ¥3Lld4V 3NIL

(IvoIdAl)

" 3SION,
m> o¥ Ty f , o’ g
1 Fa ¥ W ] 1

1
e

1
0

TR VY VYANT e T

AYLIWITAL W - 'NOISSINSNVYHL
ZHY 001 - 31vY NOILYYLTId
TAYNIGNLIONGT ~ 3 307 3TIIH3A
€802 'ON H3ILIWOHIT3IIV

(0G2 /udw 99) |
b TINNYHO GE2 LSIL Ivd 390148 02 3dAL
AWIL SA NOILVY3T300V

o

=

E Wy
QHVMNOVE < aNYMNOS

o
o

$,9— NOILVH3300V

www fastio.com

ClibPD


http://www.fastio.com/

19

mﬂﬁ\/\/\)\/\mw,\/) FAY.Y \m_m? >>

035 — LOVdWI Y314V JRWIl

og gz
a

I v L AW \va') A\( YV

PLATE

JUIMTUVYH - NOISSINSNYYL
TH 001 - 3lvd NOLLVHINM
IYNIGALIONOT - 3 207 JTIIHAA
166 'ON H3L3IWOH3T320V

("1v2IdAL)
w3ISION,,

(oG2 /udw 99)
8 TINNVHO G€¢ LS3L vy 39ai¥g 02

JWIL SA NOILVY3T3I0IV

3dAl

0e

Sl

GHYMMOVE~—> QHVYMYOA

$,9— NOILVH3I1300Y

www . fastio.com

ClibhPDF -


http://www.fastio.com/

PLATE 20

‘538 — 19VdNI H3L4Y 3IWIL

(vIidAlL)
«3SIO0N,,

oy G’ o’ 14
PP e W A AL — ]

T

" | .
~ i 7 " /\.5/\/\“/\ ¥ ~7 i

AYLIWINIL W4 - NOISSENSNYYL
ZH 001 - 31lvd NOILYHLIY

AvH31v] - NYLS ANWNG
1802 'ON Y313WOH3N3IIV

(oG2 /udw 99)
9 TINNVHD G€2 LS3L vy 390188 02 3IdAL
JWNIL SA NOILVY3IT3OOV

o F A
og
0s
ot
og
02

Ql

ol

02

1437 - 1HOIY

$,9— NOILYY3300V

www fastio.com

libPD

C


http://www.fastio.com/

PLATE 2ai

036 — 1OVdWI Y314V 3NWIL

(AV2I1dAL} .
LASION,
S¥ o e ot - 07\ = ' )
LY | ) A ) - \l\.ﬁ/ \/> ; f fi nw_ Fa) m._.O\.ir
Y ) </\_/)\II\;_\/\ b \ = Y ' ’ ' ) ' v !

AYLIWATI3L W4 ~ NOISSIWSNYHL
~ 2H 001 - 31vY NOILVHLTIZ
IWNIGNLIONOT ~ NYLS AWWNG

2902 ON H3L3IW0H3T3AD0V

(G2 /udw 99)
L I3INNVHD G€2 1S31 - TIvH 390148 02 3IdAl

JNIL SA NOILYY3T1300V

o2

Gl

ol

ol
Sl

0¢

QYYMNOVE - QUYMYOA

§,9— NO!Lvd31300V

www . fastio.com

ClibhPDF -


http://www.fastio.com/



http://www.fastio.com/

ClihPDF - www .fastio.com


http://www.fastio.com/

- -
: . . w



http://www.fastio.com/

	E:\images\000008\00000871.tif
	image 1 of 72
	image 2 of 72
	image 3 of 72
	image 4 of 72
	image 5 of 72
	image 6 of 72
	image 7 of 72
	image 8 of 72
	image 9 of 72
	image 10 of 72
	image 11 of 72
	image 12 of 72
	image 13 of 72
	image 14 of 72
	image 15 of 72
	image 16 of 72
	image 17 of 72
	image 18 of 72
	image 19 of 72
	image 20 of 72
	image 21 of 72
	image 22 of 72
	image 23 of 72
	image 24 of 72
	image 25 of 72
	image 26 of 72
	image 27 of 72
	image 28 of 72
	image 29 of 72
	image 30 of 72
	image 31 of 72
	image 32 of 72
	image 33 of 72
	image 34 of 72
	image 35 of 72
	image 36 of 72
	image 37 of 72
	image 38 of 72
	image 39 of 72
	image 40 of 72
	image 41 of 72
	image 42 of 72
	image 43 of 72
	image 44 of 72
	image 45 of 72
	image 46 of 72
	image 47 of 72
	image 48 of 72
	image 49 of 72
	image 50 of 72
	image 51 of 72
	image 52 of 72
	image 53 of 72
	image 54 of 72
	image 55 of 72
	image 56 of 72
	image 57 of 72
	image 58 of 72
	image 59 of 72
	image 60 of 72
	image 61 of 72
	image 62 of 72
	image 63 of 72
	image 64 of 72
	image 65 of 72
	image 66 of 72
	image 67 of 72
	image 68 of 72
	image 69 of 72
	image 70 of 72
	image 71 of 72
	image 72 of 72


